Transmantle dysplasia is a rare type of focal cortical dysplasia (FCD) characterized by expansion of the cortex from the deep white matter to the surface and in which there is a FCD IIA or IIB pathologic pattern. To characterize possible mechanisms underlying this regional disorder of radial migrating cells, we studied the expression patterns of neocortical layer-specific markers using immunohistochemistry in surgical specimens 
. FCD IIA and FCD IIB also show abnormal neocortical lamination. The pathogenesis of FCD is thought to involve abnormal differentiation of neuron and glial cell in the early embryonic period (6) . In the magnetic resonance image, some FCDs exhibit a transmantle sign or are termed transmantle dysplasia (TD), a funnel-shaped lesion from the cortex that passes through the white matter (WM) to the superolateral ventricle (3, 7) . It is thought that a genetic abnormality in earlyprogenitor cells forms funnel-shaped lesions of FCD (6) . However, TD is a very rare, little-reported entity. A detailed pathologic examination of TD cases would enhance understanding of the pathogenetic mechanisms in FCD.
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Laminar formation of the neocortex is known to be highly programmed by genetic control during the embryonic period. Using layer-specific markers, it is possible to identify cell birth timing and cell maturation lineage stage. At first, postmitotic projection neurons migrate into the cortical plate from the subventricular germinal zone with an inside-out pattern. At the neuronal migration stage, some molecules (e.g., reelin, Lis1, and doublecortin) are required to form the neocortex (2, 8) . Finally, mammalian brains show a 6-layer neocortex, each layer with a specific function. Specific genes have important roles at each step; the molecular mechanisms are well known in rodent brains (9) and, to some extent, in the developing human brain (10) . Special AT-rich sequence binding protein 2 (Satb2), COUP-TF interacting protein 2 (Ctip2), T-box brain 1 (Tbr1), Cut-like homeobox 1 (Cutl1), and Forkhead box protein P1 and P2 (Foxp1 and Foxp2) are well-known neocortical layer-specific markers. Other layer-specific molecules also play very important roles in forming cortical lamination, and disruption of their genes leads to profound cortical malformation (8, 11) . SATB2 generates callosal projections in Layers II to IV and makes subcortical connections (9, 12) .
Orthodenticle homeobox 1 (Otx1) is expressed in Layers V and VI (13) . Tbr1, a member of the T-box homeobox gene family, is expressed in preplate and Layer VI in fetal brain and makes corticocortical projection neurons (14) . Cutl1, Drosophila homeobox CUT-like 1, is expressed in pyramidal neurons of the upper layer (15).
Foxp1, a transcription factor of the winged-helix/forkhead family, is expressed in neocortical Layers III to V (16).
In a previous study, we reported that the neocortical layer formation of human developing brains is similar to that in mice using the layer-specific markers SATB2, CTIP2, TBR1, CUTL1, and FOXP1 (10) . In addition, we found that various lissencephalies exhibited abnormal layer formation by random migration (10).
However, very little is known about the expression patterns of layer-specific markers in human brain (10, 17) , particularly in cortical dysplasia (18) . To understand FCD formation and the origin of the component neurons, we investigated the expression of layer-specific markers from the deep WM to the cortex in FCD with TD.
MATERIALS AND METHODS

Tissue Samples
The use of all tissue samples for this research was approved by the patients' parents and by ethical committees of the hospital and institute sources. The cases were selected based on the presence of TD, that is, abnormal intensity from the lateral ventricle to the cortex on the magnetic resonance image (7). Cerebral samples removed from patients with drug-resistant epilepsy and TD during surgery were studied (Table 1 and Fig. 1 ).
The samples used were obtained from epileptogenic areas, as determined by analysis of seizure semiology, ictal and interictal electroencephalography, magnetic resonance imaging, fluorodeoxyglucose positron emission tomography, and interictal single photon emission computed tomography. For the age-matched control study, we used the same materials as previously described (10, 19) . After resection, all samples were fixed in 10% buffered formalin or 4% paraformalded embedded in paraffin. Serial sections, 4 to 6 µm thick, were cut for histologic and immunohistologic examination.
For diagnosis of the resected tissues, the sections were stained with hematoxylin and eosin and Klu¨ver-Barrera stains. The cases were diagnosed as FCD IIA or FCD IIB by 3 neuropathologists based on in the recent classification (5).
Immunohistochemistry
Immunohistochemistry was performed as previously described (10, 20 
RESULTS
The FCD samples showed abnormal lamination of the cortices and many ectopic neurons in the WM (Figs. 2 and 3 ). Our FCD series was composed of 5 FCD IIA and 4
FCD IIB, and the immunohistochemistry is summarized in Table 2 . In previous studies, and CUTL1-positive cell densities in FCD IIB were higher than those in FCD IIA (Figs.
4E, F). White matter densities of FOXP1-positive and FOXP2-positive cells in FCD IIB
were greater than those in FCD IIA (Figs. 4D, E) .
Phenotypes of Cells Expressing Layer-Specific Markers
To investigate the phenotypes of cells expressing layerspecific markers, we performed double staining with mature neuron, immature or progenitor neuron, glial cell, and microglia markers. In both FCD IIA and FCD IIB, all TBR1-positive, CTIP2-positive, and SATB2-positive cells expressed MAP2 and/or MAP2B (MAP2/2B) but not Nestin, PROX1, or GFAP (Table 2 ). There were no Iba1-or CD68-positive cells that expressed the layer-specific markers (Figs. 5 and 6 and Table 2 ).
In and continuously distributed from deep WM to the cortical surface in TD. As previously described, neurons in these FCD lesions expressed layer-specific markers indicating immaturity (19) . Moreover, we identified some specific marker expression patterns that cell development, these findings may indicate abnormal neuronal progenitor cell differentiation into both the neuron and glial cells.
In conclusion, we demonstrate that neurons of FCD with TD had delayed maturation and abnormal differentiation. The remaining abnormal expression of various layerspecific markers in TD is evidence of immature neuronal differentiation in these cortical malformations. The present study may make it possible to clarify differences between FCD IIA and FCD IIB based on their layer-specific marker expression patterns. 
+ indicate appearance of merged cells; -, no merged cell appearance. MAP2/2B indicates microtubule-associated protein 2/2B; GFAP, glial fibrillary acidic protein; TBR1, T-box, brain, 1; CTIP2, COUP-TF interacting protein 2; SATB2, special AT-rich sequence binding protein 2; CUTL1, Cut-like homeobox 1, FOXP1 and FOXP2, Forkhead box P1 and P2; PROX1, Peospero homeobox protein 1.
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